Antiplatelet therapy, which reduces platelet activation and aggregation, is the corner stone of treatment for patients undergoing percutaneous coronary intervention (PCI). Clopidogrel is an established oral antiplatelet medication of thienopyridine class, which inhibits blood clots in coronary artery disease, peripheral vascular disease, and cerebrovascular disease. Many studies have revealed that high loading dose clopidogrel in patients undergoing PCI. This review article investigates the rationale and role of high loading dose clopidogrel in patients undergoing PCI.
Introduction
The term acute coronary syndrome (ACS) refers to any group of clinical symptoms compatible with acute myocardial ischemia and includes unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI), and ST-segment elevation myocardial infarction (STEMI) [1] . Antiplatelet therapy, which reduces platelet activation and aggregation, integral steps in the formation of a thrombus after plaque disruption, is the corner stone of treatment for patients undergoing percutaneous coronary intervention (PCI) [2, 3] .
Clopidogrel is an established oral antiplatelet medication of thienopyridine class, which inhibits blood clots in coronary artery disease, peripheral vascular disease, and cerebrovascular disease. The active metabolite of clopidogrel inhibits platelet activation to a modest degree and with wide variability in platelet response by noncompetitively inhibiting the binding of adenosine diphosphate (ADP) to the P2Y12 receptor (ADP-receptor antagonist) that participates in the activation of the GP IIb/IIIa complex [4] . The use of clopidogrel (at a loading dose of 300 mg followed by a maintenance dose of 75 mg/day) is now a key component of treatment strategies used in the management of ACS, particularly for patients who undergo PCI and require peri-and postprocedural thrombus prevention. At this loading dose, inhibition of platelet aggregation to ADP is approximately 30%, and the time to peak effect is approximately 4 to 6 hours [5] .
Clopidogrel in Acute Coronary Syndrome Risk Reduction
Two pivotal clinical trials-Clopidogrel vs. Aspirin in Patients at Risk of Ischemic Events (CAPRIE) and Clopidogrel in Unstable angina to prevent Recurrent Events (CURE) have established the clinical benefits of clopidogrel [6] . Patients (n = 19,185) with atherosclerotic vascular disease, including recent myocardial infarction (MI), recent ischemic stroke (IS), or established peripheral artery disease (PAD) were evaluated in the CAPRIE study [6] . The annual IS and MI risk in clopidogrel treated group was 5.32%, and that in the aspirin treated group was 5.83% with a relative risk reduction of 8.7% vs. aspirin (p = 0.0431). The CURE trial was a double-blind, placebo-controlled, international, randomized trial of shortand long-term therapy with clopidogrel vs. placebo, in addition to aspirin and other contemporary therapies in patients with NSTE ACS. This trial [7] randomly assigned patients (n = 12,562) with UA or NSTEMI to receive either aspirin alone (75 -325 mg/day) or aspirin plus clopidogrel (300 mg loading dose, then 75 mg/day). The incidence of cardiovascular death, MI, or stroke was 20% lower for both low-risk and high risk patients who received aspirin plus clopidogrel (11.4%) than for those who received aspirin alone (9.3%; p < 0.0001). Benefit was seen as early as 24 hours after the initiation of treatment and continued throughout the trial's one year treatment period. The prespecified subgroup analysis, Percutaneous Coronary Intervention in the Clopidogrel in Unstable angina to prevent Recurrent Events (PCI-CURE), found that treatment with clopidogrel before PCI was also associated with a substantial benefit; the reduction in cardiac events was 31% at 30 days and at one year. Administration of clopidogrel therapy for a mean period of 8 months after PCI was also associated with a reduction in cardiovascular death, MI, or need for any revascularization (p = 0.03) [8] .
Role of High Loading Dose of Clopidogrel in ACS Patients Undergoing PCI
Based on the findings of PCI-CURE trial, the Clopidogrel for the Reduction of Events During Observation (CREDO) trial and the Clopidogrel as Adjunctive Reperfusion Therapy-Thrombolysis in Myocardial Infarction 28 (CLARITY-TIMI 28) trial, together with the results of a meta-analysis, the 2005 guidelines from the ACC, the AHA, and the Society for Coronary Angiography and Interventions contain a class I, level of evidence A recommendation for clopidogrel pretreatment before PCI [2] [3] [4] [5] [6] [7] [8] [9] . Results of these large clinical trials in patients with ACS and stable angina revealed beneficial effects when patients were pretreated with 300 mg of clopidogrel 6 days before the intervention in the observational PCI-CURE trial [8] , or 3 to 24 hours in the CREDO trial [10] . Based on these observations, current clinical guidelines recommend a 300 mg loading dose of clopidogrel to be administered the day before a planned PCI, or at least 6 hours before the intervention [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, ischemic cardiovascular events still occur. The recurrences of ischemic cardiovascular events may be due to low response to antiplatelet therapy and inter-individual variability in platelet response to clopidogrel [11] [12] [13] [14] [15] . Considering these results, other therapeutic approaches should be considered for these low-responder patients, such as higher loading dose and or higher maintenance dose. Several studies have reported the relationship between clopidogrel resistance and recurrence of clinical outcomes and suggested that treatment with a higher loading dose and maintenance doses of clopidogrel may be more effective than a 300 mg loading dose. These studies also showed faster onset of action of 600 mg clopidogrel as compared with 300 mg loading dose [16] [17] [18] [19] [20] . The Antiplatelet therapy for Reduction of MYocardial Damage during Angioplasty (ARMYDA-2) trial was the first randomized trial to evaluate the clinical significance of the emerging practice standard of high dose clopidogrel pretreatment. Patients (n = 255) scheduled to undergo PCI were randomized to receive a 600 mg or 300 mg loading dose of clopidogrel and aspirin. Treatments were administered 4 -8 h prior to PCI. The primary endpoint, thirty day occurrence of death, MI, or target-vessel revascularization occurred only in 4% of patients in the 600 mg loading dose group where as it was 12% in the 300 mg loading dose group (p = 0.041). It was also observed that the high-loading regimen was associated with a 50% risk reduction of periprocedural MI (p = 0.044) [21] .
A randomized prospective study evaluated the benefit (clinical outcomes) of a higher loading dose of clopidogrel on platelet aggregation and recurrent ischemic events for NSTE ACS patients undergoing coronary stenting. Patients were randomly received a 300 mg (n = 146) or 600 mg (n = 146) loading dose of clopidogrel at least 12 h before percutaneous coronary intervention. The ADPinduced platelet aggregation and expression of P-selectin were significantly lower in patients receiving 600 mg than in those receiving 300 mg. The cardiovascular outcomes of this study are presented in Figure 1 [22] . However, despite the administration of a clopidogrel 600 mg loading dose and the routine use of 75 mg clopidogrel plus aspirin as a maintenance dose, recurrent ischemic cardiovascular events occurred [21, 22] .
HAN Ya-ling and co workers [23] conducted a study to evaluate the short-term efficacy and safety of a 150 mg maintenance dose of clopidogrel following a 600 mg loading dose in patients with ACS undergoing drug eluting stent implantation. A 600 mg loading dose was administered before PCI and patients were randomized to receive clopidogrel 75 mg or 150 mg for 30 days in addition to 300 mg aspirin daily. This study concluded that a high clopidogrel maintenance dose of 150 mg daily following a 600 mg loading dose for the first month after PCI procedure reduces the risk of stent thrombosis and is safe in patients with ACS undergoing drug eluting stent 
Conclusion
The review of published literatures shows that clopidogrel, an adenosine diphosphate receptor antagonist, achieves platelet inhibition with wide variability in response, and reduces the chances of death from cardiovascular causes, MI or stroke compared with placebo in patients with ST and non-ST segment elevation ACS. Currently, the 300 mg loading dose of clopidogrel given at least six hours before the procedure with a maintenance dose of 75 mg represents the conventional antiplatelet regimen before PCI. However, higher loading (up to 900 mg) and maintenance doses (150 mg) of clopidogrel given before PCI for NSTE ACS is safe and achieve greater degrees of platelet inhibition in a faster way than standard doses, and result in a decreased rate of ischemic events. The low risk of this pharmacological regimen may support its routine use in patients before planned coronary angioplasty and may influence practice patterns with regard to antiplatelet therapy before percutaneous intervention.
